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Description 

BACKGROUND ART 

s [0001] This invention relates to a hydrolyzabte self-polishing antifouling paint composition. 

[0002] Antifouling paints containing as a vehicle resin a trialkyltin-containing polymer are known. These resins are 
advantageous in controlling the release of antifouling agent to a minimum level sufficient to maintain desired antifouling 
effect at a constant level for a long period of time. In application, the vehicle resin consisting of a trialkyltin-containing 
polymer is hydrolyzed by the action of weakly alkaline sea water to release the trialkyltin, and at the same time the 

10 resin becomes water-soluble so that the paint film is consumed and smoothened. This contributes to the reduction of 
the frictional resistance of ships against water and, therefore, to the reduction of fuel cost. 

[0003] The vehicle resins of this type of paints, known as "self-polishing paints", typically consist of copolymers of 
trialkyltin (meth)acrylate with other comonomers free from carboxyl group. However, strong concern about the toxic 
effect of trialkyltin on the ecological system has led to a demand for a new vehicle resin which may replace the trialkyltin- 

15 containing polymers in the formulation of self-polyshing antifouling paints. 

[0004] JP-A-62101653, JP-A-62057646, JP-A-631 28008, JP-A-63128084, and EP-A-0 204 456 disclose a metal- 
containing resin in which a metal atom is ionically combined with an acid pendant group of the resin and further with 
a. monobasic organic acid, and methods of production of such resins. This type of resins may also be hydrolyzed 
gradually in the sea water to release antifouling metal ions and become soluble by themselves so as to achieve self- 

20 polishing effects. 

[0005] The metal-containing resins are produced by copolymerizing an unsaturated organic acid monomer with a 
neutral monomer to prepare an acid group-containing resin (hereinafter referred to as "substrate resin"), and then 
combining the metal and monobasic organic acid. However, the effects of neutral monomers present in the substrate 
resin on the film performance of antifouling paint formulations containing metallized substrate resins and antifouling 
25 pigments have not been investigated well until now. This is because the dissolution rate of films, for example, has long 
been believed to be affected mainly by the acid numberof the subsrate resin but not with the nature of neutral monomers 
significantly. 

DISCLOSURE OF THE INVENTION 

30 

[0006] We have found that a substrate resin containing certain types of neutral monomers may exhibit, when com- 
pared with the corresponding substrate resin not containing such a neutral monomer, enhanced film performance 
including anti-cracking, adhesive, self-polishing and other properties after metallizing and formulating into an antifouling 
paint with an antifouling pigment. 
35 [0007] The present invention provides a hydrolyzable self-polishing antifouling paint composition comprising a co- 
polymer having a plurality of pendant acid groups ionically bound to a metal and an organic monobasic acid also 
ionically bound to the same metal atoms as said pendant acid group of said copolymer, characterized in that said 
copolymer has a number average molecular weight from 2,000 to 1 00,000 and consists, in its free acid form, essentially 
of 

40 

(a) from 5 to 70 % by weight of a member selected from the group consisting of a (meth)acrylic acid ester having 
as the ester residue a branched alky I of four or more carbon atoms having at least one branch on a carbon atom 
at second to fourth positions from the distal end of the principal chain, a (meth)acrylic acid ester having as the 
ester residue a cycloalkyl residue having six or more carbon atoms, a polyalkylene glycol mono(meth)acrylate, a 

45 polyoxyalkylene glycol monoalkyl ether mono(meth)acrylate, and an adduct of 2-hydroxyethyl (meth)acrylate with 

caprolactone; 

(b) a proportion of a polymerizable unsaturated organic acid monomer corresponding to an acid number of the 
resin from 25 to 350 mg KOH/g as solid; and 

(c) the balance of a neutral polymerizable monomer other than said monomers (a) and (b). 

50 

PREFERRED EMBODIMENTS 

[0008] The hydrolyzable self-polishing antifouling paint composition of the present invention may be produced by 
the methods disclosed in the above-cited patent applications except that the mbnomeric composition of the substrate 
55 resin additionally contains a neutral monomer as defined herein. The pendant acid group e.g. -COOH group binds 
ionically to a transitional metal, e.g. copper and a monobasic acid, e.g. acetic acid to form the following salt: 
-COOCuOAc 

[0009] The substrate resin having pendant acid groups may be produced by copolymerizing the above monomer (a) 
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with the monomer (b) having an acid group and the monomer (c) free of the acid group in accordance with the con- 
ventional solution polymerization method. 

[0010] Examples of carboxylic acid monomers are acrylic and methacrylic acids. Other examples of carboxyl group- 
containing monomers include monoalkyl maleate and monoalkyl itaconate as well as half esters of dicarboxylic acid 
5 such as phthalic, succinic or maleic acid with 2-hydroxyalkyl (meth)acrylate. 

[0011] Examples of sulfonic group-containing monomers include p-styrenesulfonic acid, and 2-methyl-2-acrylami- 
dopropanesulfonic acid. 

[0012] Examples of phosphoric group-containing monomers include acid phosphoxypropyl methacrylate, 3-chloro- 
2-acid phosphoxypropyl methacrylate, and acid phosphoxyethyl methacrylate. 

10 [0013] The monomeric composition of the substrate resin should contain the acid group-containing monomer in a 
proportion corresponding to an acid number of the resulting copolymer of from 25 to 350 mg KOH/g as solid. An acid 
number within this range may generally be reached by compounding the acid monomer in a proportion of from 5-70 
%, preferably from 10 to 50 % by weight of the entire monomeric composition. When the proportion of acid monomer 
lies within the above range, the balance between the durability and the dissolution rate (self-polishing rate) of paint 

15 films may be optimized. 

[0014] In order to impart the paint films with improved adhesion, anti-cracking and other properties, a (meth) acrylic 
ester monomer containing a bulky group or soft segment in the ester residue is copolymerized. Typical examples of 
bulky monomers are t-butyl acrylate and t-butyl methacrylate. Other examples of bulky monomers include (meth)acrylic 
acid esters having as ester residue a branched alkyl of four or more carbon atoms having at least one branch on a 

20 carbon atom at second to fourth positions from the distal end of the principal chain such as isobutyl, isopentyl, neopentyl 
or isohexyl (meth)acrylate, as well as (meth)acrylic acid esters having as ester residue a cycloalkyl of six or more 
carbon atoms such as cyclohexyl or isobornyl (meth)acrylate. 

[0015] Polyoxyalkylene chains produced by the ring-opening polymerization of an alkylene oxide such as ethylene 
oxide or propylene oxide are known to be a soft segment. Examples of (meth)acryalte acid esters containing as soft 

25 segment a polyoxyalkylene chain include polyoxyalkylene glycol mono(meth)acrylate and polyoxyalkylene glycol 
monoalkyl ether (meth)acrylate. Polyoxyethylene (n=8) glycol monomethyl ether methacrylate and polyoxyethylene 
(n=23) glycol monomethyl ether methacrylate are commercially available from Shin Nakamura Kagaku K.K. as NK 
ESTER M-90G and NK ESTER M-230G, respectively. Another example of soft segment-containing acrylic monomers 
is an adduct of 2-hydroxyethyl (meth )acry late with caprolactone. These monomers are also commercially available 

30 from Daicel Chemical Industries, Ltd. as PLACCEL FA and PLACCEL FM series. 

[0016] Medium and long chain alkyl (meth)acrylates are not usable alone because of their high hydrophobicity but 
usable in combination with a hydrophilic, soft segment-containing acrylic monomer such as NK ESTER M-90G or NK 
ESTER M-230G. 

[0017] The substrate resin should contain in its monomeric composition 5-70 %, preferably 1 0-50 % by weight of the 
35 entire monomeric composition of the above monomer for improving adhesion and anti-cracking properties of paint 
films. When the proportion of this kind of monomers lies within the above range, it is possible for the metallized paint 
films to impart with improved adhesion and durability as well as a constant dissolution rate in the presence of an 
antifouling pigment without affecting other properties. 

[0018] The balance of monomeric composition of the substrate resin is occupied by a neutral monomer other than 
40 the monomers (a) and (b). Examples thereof include hydrocarbon monomers such as ethylene, propylene, styrene, 

a-methylstyrene, and vinyltoluene; alkyl (meth)acrylates such as methyl (meth)acryalte, ethyl(meth)acrylate, n-propyl 

(meth) -aery late and n-butyl (meth)acrylate; hydroxyalkyl (meth) -aery lates such as 2-hydroxyethyl (meth)acrylate and 

hydroxypropyl (meth)acrylate; amides such as acrylamide and methacrylamide; nitriles such as acrylonitrile and meth- 

acrylonitrile; esters such as vinyl acetate and vinyl propionate; and vinyl chloride. 
45 [0019] The substrate resin has a number average molecular weight from 2,000 to 100,000, more preferably from 

3,000 to 40,000. The substrate resin is required to have a molecular weight of the above range to maintain an optimal 

balance among the film-forming property, workability and dissolution rate. 

[0020] Metals forming a salt with the substrate resin are chosen from elements of groups 3A to 7A, 8, 1 B and 2B of 
the periodic chart. Cobalt, nickel, copper, zinc, tellurium and manganese are preferable among others. 
so [0021] Polymeric metal salts may be produced by reacting the substrate resin with at least a stoichiometric amount 
of a metal compound such as oxide, hydroxide, chloride, sulfide or basic carbonate and at least a stoichiometric amount 
of a monobasic organic acid simultaneously. Alternatively, the substrate resin may be reacted with a metal salt of 
monobasic organic acid. 

[0022] Examples of monobasic organic acids used for this purpose include monocarboxylic acids such as acetic, 
55 propionic, butyric, lauric, stearic, linolic, oleic, naphthenic, chloroacetic, fluoroacetic, abietic, phenoxyacetic, valeric, 
dichlorophenoxyacetic, benzoic, or naphthoic acid; and monosulfonic acids such as benzenesulfonic, p-toluenesulfon- 
ic, dodecylbenzenesulfonic, naphthalenesulfonic or p-phenylbenzenesulfonic acid. 

[0023] A preferred method for producing the polymeric metal salt is disclosed in JP-A-631 28008 cited hereinbefore. 
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According to this method, the substrate resin is reacted with a metal salt of low boiling point-monobasic acid and a 
free high boiling point-monobasic acid simultaneously to form a polymeric metal salt in which both the resin pendant 
acid anion and the high boiling point-monobasic acid anion are bound to the same metal cation. The term "low and 
high boiling point-monobasic acids" as used herein reffered to the existence of substantial difference in boiling points 
5 therebetween, for example 20 °C. 

[0024] The hydrolyzable, metal containing resin thus produced may be incorporated into antifouling paint formulations 
in combination with an antifouling agent and other conventional additives to prepare the self-polishing antifouling paint 
composition of the present invention. 

[0025] The antifouling paint composition according to the present invention may contain the following conventional 
io additives. 

(1) Antifouling agent: 

[0026] Powders or flakes of copper, zinc and nickel; oxides, halides or hydroxides of copper, zinc and lead; organotin 
f5 compounds such as tributyltin fluoride or triphenyltin chloride; biocidal metal carboxylates such as copper naphthenate 
or copper stearate; metal (e.g. Na, K, Zn, Pb, Cu, Fe, Ni, Mg, Se) dialkyl dithiocarbamates such as zinc dimethyl 
dithiocarbamate and thiuram disulfide; sulfamides such as phthalylsulfathiazole, sulfaethydole, sulfanilidopyridine or 
sulfamethoxyine; antibiotics such as penicillin V, penicillin G, ampicillin, cephalosporin, chlortetracycline, neomycin, 
rifamycin.or variotin; pyrrole and imidazole compounds such as glyodine, fentizole or polycide; thioxane and thioxan- 
20 thone compounds such as terazol, asterol or mylone; amides such as nicarbazin, 3,4,5-tribromosalicylanilide, N-trichlo- 
romethylmercaptophthalimide or 3,5-dinitrobenzamide; and other known antifouling agents, pesticides, bacteriocides 
and fungicides. 

(2) Plasticizer: 

25 

[0027] Phthalate plasticizers such as dioctyl phthalate, dimethyl phthalate or dicyclohexyl phthalate; aliphatic dicar- 
boxylate plasticizers such as butyl sebacate; glycol ester plasticizers such as diethylene glycol dibenzoate or pentaer- 
ythritol alkanoic etser; phosphate plasticizers such astricresyl phosphate or trichloroethyl phosphate; epoxy plasticizers 
such as epoxydized soybean oil or epoxydized octyl stearate; organotin plasticizers such as dioctyltin dilaurate or 
30 dibutyltin dilaurate; and other plasticizers such as trioctyl trimellitate, camphor or triacetin. 

(3) Hydrolysis regulator: 

[0028] Chlorinated paraffin, polyvinyl ether, polypropylene sebacate, partially hydrogenated terphenyl, polyvinyl ac- 
05 etate, polyalkyl (meth)acrylate, polyether polyol, alkyd resin, polyester resin and polyvinyl chloride. 

(4) Pigment: 

[0029] Extender pigments such as baryte, precipitated barium sulfate, talc, clay, chalk, silica white, alumina white, 
40 titanium white or bentonite; color pigments such as titanium dioxide, zirconium dioxide, basic lead sulfate, tin oxide, 
carbon black, graphite, red iron oxide, chromium green, emerald green or phthalocyanine blue. 

(5) Solvent: 

45 [0030] Hydrocarbons such as xylene, toluene, benzene, ethylbenzene, cyclopentane, octane, heptane, cyclohexane 
or white spirit; ethers such as dioxane, tetrahydrofuran, ethylene glycol monomethyl ether, ethylene glycol monoethyl 
ether, ethylene glycol dimethyl ether, ethylene glycol monobutyl ether, ethylene glycol dibutyl ether, diethylene glycol 
monomethyl ether or diethylene glycol monoethyl ether; esters such as butyl acetate, propyl acetate, benzyl acetate, 
ethylene glycol monomethyl ether acetate or ethylene glycol monoethyl ether acetate; ketones such as methyl isobutyl 

so ketone or ethyl isobutyl ketone; and alcohols such as n-butanol or propyl alcohol. 

(6) Viscosity regulator: 

[0031] Amides and amines such as nicotinamide or n-octylamine; monobasic organic acids such as acetic, oleic or 
55 lauric acid; phosphoric acid and phosphate esters; solid acids such as silicate or molybdate. 
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(7) Other additives: 

[0032] Monobasic organic acids such as rosin, monobutyl phthalate or monooctyl succinate; camphor and castor oil. 
[0033] The antifouling paint composition of the present invention may be prepared by the method known per se in 
5 the art. Any known machine such as ball mills, pebble mills, roll mills or spead run mills may be used for mixing various 
ingredients. 

[0034] It is desirable for the antifouling paint of the present invention that the hydroiyzable resin occurs as a salt with 
a metal having ionization tendency lower than that of alkali metals, e.g. the zinc, copper or tellurium salt. When such 
a salt is chosen, the paint films applied on ships, fish nets or marine construction will be gradually hydrolyzed and 

10 dissolved out into weakly alkaline sea water. Opposite to polyester vehicle resins containing a number of metal ester 
moieties in the polymer backbone, the vehicle resin of the present invention are not decomposed rapidly into a large 
number of soluble fragments, but only pendant groups thereof are hydrolyzed into a hydrophilic group before the con- 
centration or density of such hydrophilic groups reach at a threshold level at which the paint film begins to dissolve in 
the sea water. Accordingly, when said vehicle resin is used, it is possible to give an antifouling paint film exhibiting the 

15 antifouling and other performance for a long period of time. Therefore, the antifouling paint composition according to 
the present invention finds use in finishing not only ships including tankers, ferry boats, steel boats, wood boats and 
FRP boats but also various marine construction and fish nets. 

[0035] Besides, particular advantages are achieved when the hydroiyzable, metal-containing resin of the present 
invention is combines with a copper-based antifouling pigment such as cuprous oxide or copper rhodanide. This is 
20 because the interaction between the vehicle resin and the antifouling pigment is remarkably retarded when compared 
to the corresponding resin not containing a neutral monomer as defined herein. As a result, the film performance 
including integrity, adhesion strength and self-polishing property may be significantly improved. 
[0036] The invention is further illustrated by the following production examples, examples and comparative examples 
in which all parts are by weight. 

25 

Production Example 1 (Varnish) 

[0037] To a four necked flask equipped with a stirrer, reflux condenser, nitrogen gas tube and drip funnel were added 
64 parts of xylene and 1 6 parts of n-butanol. After heating the content to 100°C, a mixture of 58.3 parts of ethyl aery late, 

30 15 parts of cyclohexyl methacrylate, 10 parts of NK ESTER M-90G (methoxypolyethylene glycol methacrylate sold by 
Shin Nakamura Kagaku K.K.), 16.7 parts of acrylic acid and 2 parts of t-butylperoxy 2-ethylhexanoate was added 
dropwise at a constant rate over 3 hours. After the addition, the mixture was kept at the same temperature for 30 
minutes. Then, a solution of 0.2 parts t-butylperoxy 2-ethylhexanoate in 16 parts of xylene and 4 parts of n-butanol 
was added dropwise at a constant rate over 30 minutes. Thereafter the reaction mixture was kept at the same tem- 

35 perature for 1 .5 hours. A resin solution called varnish A having 49.8 % solids, a viscosity of 4.4 poise and an acid 
number of 130 (as solids, the same hereinafter) was obtained. 

Production Example 2 (Varnish) 

40 [0038] A mixture of 50 parts of xylene and 50 parts of n-butanol was heated to 90 °C in the same flask as used in 
Production Example 1 . To this was added dropwise a mixture of 54.6 parts of ethyl acrylate, 7.4 parts of methyl meth- 
acrylate, 16.7 parts of acrylic acid, 21 .3 parts of t-butyl methacrylate and 2 parts of azobisisobutyronitrile at a constant 
rate over 3 hours. After the addition, the mixture was kept at the same temperature for 2 hours. A resin solution called 
Varnish B having 50.1 % solids, a viscosity of 5.2 poise and a resin acid number of 130 was obtained. 

45 

Production Example 3 (Varnish) 

[0039] A mixture of 40 parts of xylene and 40 parts of n-butanol was heated to 100°C in the same flask as used in 
Production Example 1. To this was added dropwise a mixture of 65.7 parts of ethyl acrylate, 15 parts of cyclohexyl 
50 methacrylate, 1 9.3 parts of acrylic acid and 2 parts of t-butylperoxy 2-ethylhexanoate at a constant rate over 3 hours. 
After the addition, the mixture was kept at the same temperature for 30 minutes. Then a solution of 0.2 parts of t- 
butylperoxy 2-ethylhexanoate in 10 parts of xylene and 10 parts of n-butanol was added dropwise at a constant rate 
over 30 minutes. Thereafter the reaction mixture was kept at the same temperature for 1.5 hours. A resin solution 
called Varnish C having 50.0 % solids, a viscosity of 6.5 poise and a resin acid number of 1 50 was obtained. 

55 

Production Example 4 (Varnish) 

[0040] A mixture of 64 parts of xylene and 16 parts of n-butanol was heated to 90 °C in the same flask as used in 
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Production Example 1 . To this was added dropwise a mixture of 25.0 parts of isobutyl methacrylate, 33.0 parts of ethyl 
acrylate, 22.7 parts of methyl methacrylate, 1 9.3 parts of acrylic acid and 2 parts of azobisisobutyronitrile at a constant 
rate over 3 hours. After the addition, the mixture was kept at the same temperature for 30 minutes. Then a solution of 
0.2 parts of azobisisobutyronitrile in 16 parts of xylene and 4 parts of n-butanol was added dropwise at a constant rate 
5 over 30 minutes. Thereafter the reaction mixture was kept at the same temperature for 2 hours. A resin solution called 
Varnish D having 49.5 % solids, a viscosity of 7.8 poise and a resin acid number of 150 was obtained. 

Production Example 5 (Varnish) 

10 [0041] A mixture of 64 parts of xylene and 16 parts of n-butanol was heated to 100°C in the same flask as used in 
Production Example 1 . To this was added dropwise a mixture of 10.2 parts of 2-ethylhexyl methacrylate, 66.8 parts of 
ethyl acrylate, 11 .4 parts of NK ESTER M-90G, 11 .6 parts of acrylic acid and 2 parts of t-butylperoxy 2-ethylhexanoate 
at a constant rate over 3 hours. After the addition, the mixture was kept at the same temperature for 30 minutes. Then 
a solution of 0.2 parts of t-butyl 2-ethylhexanoate in 16 parts of xylene and 4 parts of n-butanol was added dropwise 

15 at a constant rate over 30 minutes. Thereafter the reaction mixture was kept at the same temperature for 1 .5 hours. A 
resin solution called "varnish E having 50.3 % solids, a viscosity of 4.7 poise and a resin acid number of 90 was obtained. 

Production Example 6 (Varnish) 

20 [0042] A mixture of 64 parts of xylene and 16 parts of n-butanol was heated to 100°C in the same flask as used in 
Production Example 1. To this was added dropwise a mixture of 20.0 parts of isobutyl acrylate, 50.9 parts of ethyl 
acrylate, 14.1 parts of acrylic acid, 15.0 parts of NK ESTER M-90G and 3 parts of t-butylperoxy 2-ethylhexanoate at 
a constant rate over 4 hours. After the addition, the mixture was kept at the same temperature for 30 minutes. Then a 
solution of 0.2 parts of t-butylperoxy 2-ethylhexanoate in 16 parts of xylene and 4 parts of n-butanole was added 

25 dropwise at a constant rate over 30 minutes. Thereafter the reaction mixture was kept at the same temperature for 2 
hours. A resin solution called Varnish F having 50.0 % solids, a viscosity of 7.5 poise and a resin acid number of 110 
was obtained. 

Production Example 7 (Varnish for comparison) 

30 

[0043] A mixture of 64 parts of xylene and 16 parts of n-butanol was heated to 100°C. To this was added dropwise 
a mixture of 54.1 parts of ethyl acrylate, 26.6 parts of methyl methacrylate, 19.3 parts of acrylic acid and 3 parts of 
azobisisobutyronitrile at a constant rate over 4 hours. After the addition, the mixture was kept at the same temperature 
for 30 minutes. Then a solution of 0.2 parts of azobisisobutyronitrile in 16 parts of xylene and 4 parts of n-butanol was 
35 added dropwise at a constant rate over 30 minutes. Thereafter the reaction mixture was kept at the same temperature 
for 1 .5 hours. A resin solution called Varnish G having 50.5 % solids, a viscosity of 4.5 poise and a resin acid number 
of 150 was obtained. 

Production Example 8 (Varnish for comparison) 

40 

[0044] A mixture of 50 parts of xylene and 50 parts of n-butanol was heated to 100°C in the same flask as used in 
Production Example 1 . To this ws added dropwise a mixture of 45.6 parts of ethyl acrylate, 32.5 parts of methyl meth- 
acrylate, 1 0.3 parts of 2-hydroxyethyl acrylate, 11 .6 parts of acrylic acid and 1 .5 parts of t-butylperoxy 2-ethylhexanoate 
at a constant rate over 3 hours. After the addition, the reaction mixture was kept at the same temperature for 2 hours. 
45 A resin solution called Varnish H having 49.8 % solids, a viscosity of 12.9 poise and a resin acid number of 90 was 
obtained. 

Example 1 

50 [0045] A four necked flask equipped with a stirrer, nitrogen gas tube, reflux condenser, decanter and temperature 
control means was charged with 100 parts of varnish A, 25.4 parts of zinc acetate, 24.4 parts of SA-13 (mixture of 
aromatic sulfonic acids sold by Idemitsu Petrochemical Co., Ltd.) and 140 parts of xylene. The mixture was heated at 
1 30 °C while distilling off acetic acid produced as a by-product with solvent. The end point of the reaction was confirmed 
by determining the quantity of acetic acid in the effluent solvent. A varnish having 40.2 % solids and a viscosity of U- 

55 v was obtained. 
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Example 2 

[0046] The same flask as used in Example 1 was charged with 100 parts of Varnish B, 18.6 parts of copper oxalate, 

32.7 parts of oleic acid and 120 parts of xylene. The mixture was heated at 120 °C while distilling off oxalic acid with 
s solvent. A varnish having 42.5 % solids and a viscosity of Z y -Z 2 was obtained. 

Example 3 

[0047] The same flask as used in Example 1 was charged with 100 parts of Varnish C, 21 .5 parts of copper oxalate, 
10 37.5 parts of naphthenoic acid and 120 parts of xylene. The mixture was heated at 120 °C while distilling off oxalic 
acid with solvent. A varnish having 31 .7 % solids and a viscosity of Y-Z was obtained. 

Example 4 

15 [0048] The same flask as used in Example 1 was charged with 1 00 parts of varnish A, 24.0 parts of copper acetate, 

32.4 parts of naphthenoic acid and 100 parts of xylene. The mixture was heated at 130 °C while distilling off acetic 
acid with solvent. A varnish having 32.5 % solids and a viscosity of X was obtained. 

Example 5 

20 

[0049] The same flask as used in Example 1 was charged with 100 parts of varnish D, 29.3 parts of zinc acetate, 

37.8 parts of oleic acid and 120 parts of xylene. The mixture was heated at 1 30 °C while distilling off acetic acid with 
solvent. A varnish having 41 .3 % solids and a viscosity of V-W was obtained. 

25 Example 6 

[0050] The same flask as used in Example 1 was charged with 1 00 parts of varnish D, 26.0 parts of tellurium acetate, 
32.7 parts of Versatic acid and 150 parts of xylene. The mixture was heated at 130 °C while distilling off acetic acid 
with solvent. A varnish having 51.6% solids and a viscosity of S-T was obtained. 

30 

Example 7 

[0051] The same flask as used in Example 1 was charged with 100 parts of varnish B, 24.0 parts of copper acetate, 

32.5 parts of naphthenoic acid and 100 parts of xylene. The mixture was heated at 130 °C while distilling off acetic 
35 acid with solvent. A varnish having 40.6 % solids and a viscosity of Z2-Z3 was obtained. 

Example 8 

[0052] The same flask as used in Example 1 was charged with 100 parts of varnish E, 31 .6 parts of zinc salicylate, 
40 1 6.9 parts of SA-1 3 (Idemitsu Petrochemical) and 1 50 parts of xylene. The mixture was heated at 1 20°C while distilling 
off salicylic acid with solvent. A varnish having 62.3 % solids and a viscosity of V-W was obtained. 

Example 9 

45 [0053] The same flask as used in Example 1 was charged with 100 parts of varnish C, 26.7 parts of copper acetate, 
22.7 parts of Versatic acid and 100 parts of xylene. The mixture was heated at 130°C while distilling off acetic acid 
with solvent. A varnish having 33.4 % solids and a viscosity of Z-Z-, was obtained. 

Example 10 

so 

[0054] The same flask as used in Example 1 was charged with 100 parts of varnish E, 16.0 parts of copper acetate, 
22.5 parts of naphthenoic acid and 120 parts of xylene. The mixture was heated at 130 °C while distilling off acetic 
acid with solvent. A varnish having 60.7 % solids and a viscosity of T-U was obtained. 

55 Example 11 

[0055] The same flask as used in Example 1 was charged with 100 parts of Varnish F, 15.7 parts of copper oxalate, 
27.7 parts of oleic acid and 120 parts of xylene. The mixture was heated at 120 °C while distilling off oxalic acid with 
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solvent. A varnish having 50.8 % solids and a viscosity of W-X was obtained. 
Example 12 

5 . . [0056] The same flask as used in Example 1 was charged with 100 parts of Ornish F, 1 9.0 parts of tellurium acetate, 
37.8 parts of Versatic acid and 150 parts of xylene. The mixture was heated at 130 °C while distilling off acetic acid 
with solvent. A varnish having 53.4 % solids and a viscosity of R was obtained. 

Comparative Example 1 

10 

[0057] The same flask as used in Example 1 was charged with 100 parts of Varnish G, 26.7 parts of copper acetate, 
37.5 parts of naphthenoic acid and 100 parts of xylene. The mixture was heated at 130 °C while distilling off acetic 
acid with solvent. A varnish having 40.7 % solids and a viscosity of X-Y was obtained. 

75 Comparative Example 2 

[0058] The same flask as used in Example 1 was charged with 100 parts of Varnish G, 52.6 parts of zinc salicylate, 
28.2 parts of SA-1 3 (Idemitsu Petrochemical) and 1 50 parts of xylene. The mixture was heated at 1 20°C while distilling 
off salicylic acid with solvent. A varnish having 37.4 % solids and a viscosity of W-X was obtained. 

20 

Comparative Example 3 

[0059] The same flask as used in Example 1 was charged with 100 parts of Varnish H, 16.0 parts of copper acetate, 
22.7 parts of oleic acid and 100 parts of xylene. The mixture was heated at 1 30 °C while distilling off acetic acid with 
25 solvent. A varnish having 53.7 % solids and a viscosity of W was obtained. 

Comparative Example 4 

[0060] The same flask as used in Example 1 was charged with 100 parts of \Jarnish H, 12.9 parts of copper oxalate, 
30 27.7 parts of naphthenoic acid and 120 parts of xylene. The mixture was heated at 120 °C while removing oxalic acid 
with solvent. A varnish having 51 .3 % solids and a viscosity of Y was obtained. 

Clear Film Consumption Test 

35 [0061] Each of varnishes of Examples 1 -1 2 and Comparative Examples 1 -4 was applied on a test panel to a dry film 
thickness of about 200 u,m. The test panel was attached to a rotating drum tester and rotated continuously at a constant 
speed (about 1 5 knot) in the sea water (temperature = 1 8-23 °C) for 3 months. The film thickness was measured before 
and after the test. The results are shown in Table 1 . 

40 Table 1 



Example 


Initial film thickness, u^m 


Film thickness after 3 months, u,m 


Comsumed film thickness, ujti 


1 


193 


159 


34 


2 


187 


155 


32 


3 


212 


174 


38 


4 


197 


169 


28 


5 


218 


178 


40 


6 


189 


156 


33 


7 


175 


129 


46 


8 


199 


174 


25 


9 


194 


163 


31 


10 


223 


193 


30 


11 


219 


177 


42 



8 



EP 0 779 304 B1 



Table 1 (continued) 



Example 


Initial film thickness, u.m 


Film thickness after 3 months, jam 


Comsumed film thickness, u.m 


12 


201 


166 


35 


Comp.Ex. 1 


189 


114 


75 


Comp.Ex. 2 


218 


160 


58 


Comp.Ex. 3 


203 


140 


63 


Comp.Ex. 4 


184 


139 


45 



Examples 1 3-24 and Comparative Examples 5-8 

[0062] Various paint compositions were prepared by milling 15 parts as solids of varnishes of Examples 1-12 and 
?5 Comparative Examples 1-4, 45 parts of cuprous oxide, 4 parts of red iron oxide, 1 part of titanium dioxide, 4 parts of 
chlorinated paraffin, 1.5 parts of organobentonite and 24.5 parts of xylene (100 parts in total) for 5 hours in a ball mill. 
Examples 1 3-24 correspond to Examples 1 -1 2 and Comparative Examples 5-8 correspond to Comparative Examples 
1-4, respectively. In Example 20 and Comparative Example 6, copper rhodanide was replaced for cuprous oxide. In 
Example 15 and Comparative Example 7, 3 parts of 2,5-dichloro-2-n-octyl-3-isothiazolone were incorporated into the 
20 paint formulation as an additional antifouling agent. 

Film Consumption Test 

[0063] Each of paints of Examples 13-24 and Comparative Examples 5-8 was applied on a test panel to a dry film 
25 thickness of about 200 u,m. The test panel was attached to a rotating drum tester and rotated continuously at a constant 
speed (about 15 knot) in the sea water (temperature = 1 8-23°C) for 3 months. The film thickness was measured before 
and after the test. The results are shown in Table 2. 



Table 2 



35 



45 



Example 


Initial film thickness, u,m 


Film thickness after 3 months, p.m 


Comsumed film thickness, jxm 


13 


215 


150 


65 


14 


207 


147 


60 


15 


196 


146 


50 


16 


189 


135 


54 


17 


203 


148 


55 


18 


197 


148 


49 


19 


189 


119 


70 


20 


205 


165 


40 


21 


195 


150 


45 


22 


220 


172 


48 


23 


217 


139 


78 


24 


198 


134 


64 


Comp.Ex. 5 


193 


161 


32 


Comp.Ex. 6 


219 


194 


25 


Comp.Ex. 7 


204 


166 


38 


Comp.Ex. 8 


198 


166 


32 
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Film Integrity/Adhesion Evaluation 



Integrity evalution: 

5 [0064] Each of paints of Example 1 3-24 and Comparative Examples 5-8 was applied twice using a paint brush to a 
dry film thickness of about 100u.m onto a steel plate previously subjected to a sand blast treatment and then coating 
of a rustproof paint. The test panel was then immersed in the sea water for 6 months, rinsed with water, allowed to 
stand for one whole day and evaluated for the integrity of the paint film. The evaluation results according to the following 
schedule are shown in Table 3. 

10 

©: Very slight cracks (almost not visible) 

O : Slight cracks (not greater than about 1 0 % of total area) 

x : Cracks (not greater than 30 % of total area) 

X X :Cracks were found in whole area. 

15 

Adhesion evaluation: 

[0065] Using the same test panel as used in the above test, evalution was conducted for adhesion according the 
method JIS K 5400 • 8 • 5 • 2 • (grid spacing=2mm, number of grid=25) The results of evaluation in terms of the following 
20 score are shown in Table 3. 



Score 
[0066] 

25 

10 : Each scratched line was narrow in width and the both sides thereof remained smooth. Peeling was not seen 
both at intersections of scratched lines and in individual grids. 

8 : Slight peeling was found at intersections of scratched lines but not in individual grids. The defective area re- 
mained less than 5 % of the total square area. 
30 6 : Peeling was found both at intersections and either side of the scrathced lines. The defective are extended to 
5-1 5 % of the total square area. 

4 : Wide peeling was found along scratched lines. The defective area extended to 1 5-35 % of the total square area. 

2 : Wider peeling than that of score 4 was found. The defective area extended to 35-65 % of the total square area. 

0 : The defective area extended to greater than 65 % of the total square area. 

35 



Table 3 



50 



55 



Example 


Integrity 


Adhesion 


13 


© 


10 


14 


® 


8 


15 


O 


8 


16 


© 


10 


17 


o 


8 


18 


o 


8 


19 


© 


8 


20 


© 


10 


21 


o 


8 


22 


© 


8 


23 


© 


10 


24 


© 


10 


Comp.Ex. 5 


X 


2 
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Table 3 (continued) 



Example 


Integrity 


Adhesion 


Comp.Ex. 6 


X 


2 


Comp.Ex. 7 


A 


4 


Comp.Ex. 8 


A 


4 



Claims 

1. A hydrolyzable setf -polishing antifouling paint composition comprising a copolymer having a plurality of pendant 
acid groups ionically bound to a metal and an organic monobasic acid also ionically bound to the same metal 
atoms as said pendant acid group of said copolymer, characterized in that said copolymer has a number average 
molecular weight from 2,000 to 100,000 and consists, in its free acid form, essentially of 

(a) 5 to 70 % by weight by a monomer selected from the group consisting of (i) a (meth)acrylic ester having 
as the ester residue thereof a branched alkyl of more than 3 carbon atoms having at least one branch on a 
carbon atom at second to fourth positions counting from the distal end of the principal chain, (ii) a (meth)acrylic 
acid ester having the ester residue thereof a cycloalkyl of more than 5 carbon atoms, (iii) a polyalkylene glycol 
mono(meth)acrylate, (iv) a polyalkylene glycol monoalkyl ether (meth)acrylate, and (v) an adduct of 2-hydrox- 
yethyl (meth)acrylate with caprolactone; 

(b) a proportion of a polymerizable unsaturated organic acid monomer corresponding to an acid number of 
the copolymer of from 25 to 350 mg KOH/g as solid; and 

(c) the balance of a neutral polymerizable monomer other than said monomers (a) and (b). 

2. The self-polishing antifouling paint composition according to Claim 1 , wherein said monomer (a) is t-butyl meth- 
acrylate, isobutyl (meth)acrylate, isopentyl (meth) acrylate, neopentyl (meth)acrylate, isohexyl (meth)acrylate, cy- 
clohexyl (meth)acrylate, isobornyl (meth)acryiate, polyethylene glycol mono(meth)acrylate, polyethylene glycol 
monomethyl ether (meth)acryalte or an adduct of 2-hydroxy ethyl (meth)acrylate with caprolactone. 

3. The self-polishing antifouling paint composition according to Claim 1 or 2, wherein said monomer (b) is acrylic acid 
or methacrylic acid. 

4. The self-polishing antifouling paint composition according to any one of Claims 1 -3, wherein said multivalent metal 
is copper, zinc, nickel, cobalt, manganese or tellurium. 

5. The self-polishing antifouling paint composition according to any one of Claims 1 -4, wherein said organic mono- 
basic acid is an organic monobasic carboxylic acid. 

6. The self-polishing antifouling paint composition according to any one of Claims 1-4, wherein said organic mono- 
basic acid is an organic monobasic sulfonic acid. 

7. The self-polishing antifouling paint composition according to any one of Claims 1 -6, further comprising an antifoul- 
ing agent. 

8. The self-polishing antifouling paint composition according to Claim 7, wherein said antifouling agent is cuprous 
oxide or copper rhodanide. 



Patentanspruche 

1. Hydrolysierbares, selbstpolierendes Antifouling-Anstrichmittel, umfassend ein Copolymer mit mehreren ionisch 
an ein Metall gebundenen sauren Seitengruppen und einer ebenfalls ionisch an dieselben Metallatome wie die 
saure Seitengruppe des Copolymers gebundenen organischen monobasischen Saure, dadurch gekennzeichnet, 
daG das Copolymer ein zahlenmittleres Molekulargewicht von 2.000 bis 100.000 aufweist und als freie Saure im 
wesentlichen gebildet wird aus 
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(a) 5 bis 70 Gew.-% eines Monomers, das ausgewahlt ist unter (i) einem (Meth)acrylsaureester, der als Ester- 
rest verzweigtes Alky I mit mehr als 3 Kohlenstoffatomen aufweist, wobei wenigstens ein Zweig an einem 
Kohlenstoffatom an zweiter bis vierter Position sitzt, wenn man vom distalen Ende der Hauptkette her zahlt, 
(ii) einem (Meth)acrylsaureester, dessen Esterrest Cykloalkyl mit mehr als 5 Kohlenstoffatomen aufweist, (iii) 
einem Polyalkylenglykolmono(meth)acrylat, (iv) einem Potyalkylenglykolmonoalkylether(meth)acrylat, und (v) 
einem Addukt von 2-Hydroxyethyl(meth)acrylat mit Caprolacton; 

(b) einem Anteil eines polymerisierbaren ungesattigten, organischen, sauren Monomers entsprechend einer 
Saurezahl des Copolymers von 25 bis 350 mg KOH/g als Feststoff ; und 

(c) einem neutralen polymerisierbaren Monomer, das sich von den Monomeren (a) und (b) unterscheidet, als 
Restanteil. 

2. Selbstpolierendes Antifouling-Anstrichmittel nach Anspruch 1 , worin das Monomer (a) t-Butylmethacrylat, Isobutyl 
(meth)acrylat, lsopentyl(meth)acrylat, Neopentyl(meth)acrylat, lsohexyl(meth)acrylat, Cyclohexyl(meth)acrylat, 
lsobornyl(meth)acrylat, Polyethylenglykolmono(meth)acrylat, Polyethylenglykolmonomethylether(meth)acrylat 
Oder ein Addukt von 2-Hydroxyethyl(meth)acrylat mit Caprolacton ist. 

3. Selbstpolierendes Antifouling-Anstrichmittel nach Anspruch 1 Oder 2, worin das Monomer (b) Acrylsaure oder 
Methacrylsaure ist. 

4. Selbstpolierendes Antifouling-Anstrichmittel nach einem der Anspruche 1 bis 3, worin das multivalente Metall Kup- 
fer, Zink, Nickel, Kobalt, Mangan oder Tellur ist. 

5. Selbstpolierendes Antifouling-Anstrichmittel nach einem der Anspruche 1 bis 4, worin die organische monobasi- 
sche Saure eine organische monobasische Carbonsaure ist. 

6. Selbstpolierendes Antifouling-Anstrichmittel nach einem der Anspruche 1 bis 4, worin die organische monobasi- 
sche Saure eine organische monobasische Sulfonsaure ist. 

7. Selbstpolierendes Antifouling-Anstrichmittel nach einem der Anspruche 1 bis 6, welches des weiteren ein Antifou- 
ling-Agens umfaBt. 

8. Selbstpolierendes Antifouling-Anstrichmittel nach Anspruch 7, worin das Antifouling-Agens Kupfer(1)-Oxid oder 
Kupferrhodanid ist. 



R even di cat ions 

1. Composition de peinture antiparasite hydrolysable auto-polissante comprenant un copolymere ayant plusieurs 
groupes acides lateraux ioniquement lies a un metal et un acide monobasique organique aussi ioniquement lie 
aux memes atomes de metal que lesdits groupes acides lateraux dudit copolymere, caracterisee en ce que ledit 
copolymere a un poids moleculaire moyen en nombre compris entre 2000 et 100 000 et est constitue, sous sa 
forme acide libre, sensiblement de : 

(a) 5 a 70 % en poids d'un monomere choisi dans le groupe constitue de (i) un ester (meth)acrylique ayant 
comme fragment ester de celui-ci un groupe alkyle ramifie de plus de 3 atomes de carbone ayant au moins 
une ramification sur un atome de carbone en positions 2 a 4 a partir de I'extr6mit6 opposed a la chaTne prin- 
cipal, (ii) un ester d'acide (meth)acrylique ayant comme fragment ester de celui-ci un groupe cycloalkyle de 
plus de 5 atomes de carbone, (iii) un mono(m6th)acrylate de polyalkylene glycol, (iv) un (m6th)acrylate d'6ther 
monoalkylique de polyalkylene glycol, et (v) un produit d'addition de (meth)acrylate de 2-hydroxyethyle avec 
la caprolacton e; 

(b) une proportion d'un monomere acide organique insaturd polymSrisable correspondant a un indice d'acide 
du copolymere compris entre 25 et 350 mg KOH/g sous forme solide; et 

(c) le complement d'un monomere polym6risable neutre autre que lesdits monomeres (a) et (b). 

2. Composition de peinture antiparasite auto-polissante selon la revendication 1 , caract6ris6e en ce que ledit mono- 
mere (a) est le methacrylate de t-butyle, le (meth)acrylate d'isobutyle, le (m6th)acrylate d'isopentyle, le (meth) 
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acrylate de neopentyle, le (meth)acrylate d'isohexyle, le (meth)acrylate de cyclohexyle, le (meth)acrylate d'isobor- 
nyle, le mono(meth)acrylate de polyethylene glycol, le (meth)acrylate d'ether monomethylique de polyethylene 
glycol ou un produit d'addition du (meth)acrylate de 2-hydroxyethle avec la caprolactone. 

Composition de peinture antiparasite auto-polissante selon la revendication 1 ou 2, caract§ris6e en ce que ledit 
monomere (b) est I'acide acrylique ou I'acide methacrylique. 

Composition de peinture antiparasite auto-polissante selon Tune quelconque des revendications 1 a 3, caracterisee 
en ce que ledit metal multivalent est le cuivre, le zinc, le nickel, le cobalt, le manganese ou le tellure. 

Composition de peinture antiparasite auto-polissante selon Tune quelconque des revendications 1 a 4, caracterisee 
en ce que ledit acide monobasique organique est un acide monobasique organique carboxylique. 

Composition de peinture antiparasite auto-polissante selon Tune quelconque des revendications 1 a 4, caracte7is6e 
en ce que ledit acide monobasique organique est un acide monobasique organique sulfonique. 

Composition de peinture antiparasite auto-polissante selon Tune quelconque des revendications 1 a 6, comprenant 
en outre un agent antiparasite. 

Composition de peinture antiparasite auto-polissante selon la revendication 7, caracterisee en ce que ledit agent 
antiparasite est de I'oxyde cuivreux ou du rhodanure de cuivre. 
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